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Introduction
This paper presents our view on remaining RRM core aspects related to further enhancements of measurement gaps for Rel-18 [1]. In particular, it presents our view on remaining open issues for Case 1 requirements as discussed at RAN4 #110 [2] [3] i.e. the combination of pre-configured MG and concurrent MG and lists corresponding proposals.
Discussion 
Normative work 
At RAN4 #110, Case 1 requirements were handled in the normative work. The Big CR [4] was agreed including collision handling for Case 1 requirements. The respective clauses 8.19.5 and 9.1.12 from the Big CR 38.133 are duplicated below with proposed changes in revision style.
	----------------------START OF CHANGE 11----------------------------
8.19.5	Activation/deactivation delay requirements for concurrent measurement gaps with Pre-MG
The requirements in this clause apply to a UE configured with concurrent measurement gaps with Pre-MG.
8.19.5.1	Activation/deactivation delay requirements for non-overlapped activation/deactivation of concurrent measurement gaps with Pre-MG
The requirements in this clause only apply when the activation/deactivation procedures of the individual pre-configured measurement gaps do not overlap in time.
When concurrent measurement gaps with Pre-MG activation/deactivation procedure are non-overlapped upon DCI/timer-based BWP switch, upon SCell activation/deactivation or upon RRC reconfiguration, for each individual pre-configured measurement gap, the requirements defined in clauses 8.19.2, 8.19.3 and 8.19.4 apply.
8.19.5.2	Activation/deactivation delay requirements for fully overlapped activation/deactivation of concurrent measurement gaps with Pre-MG
The requirements in this clause only apply when the activation/deactivation procedures of the individual pre-configured measurement gaps fully overlap in time.
Fully overlapped activation/deactivation of pre-configured measurement gaps can occur in the following cases:
-	Both pre-configured measurement gaps are triggered by the same event.
-	Two pre-configured measurement gaps are triggered by two events of the same type at the same time.
When concurrent measurement gaps with Pre-MG are activated/deactivated simultaneously, the activation/deactivation delay equals the delay requirements defined at clause 8.19.2, 8.19.3 and 8.19.4 for DCI/timer-based BWP switch, SCell activation/deactivation or RRC reconfiguration, respectively, plus an additional 2ms post-processing time. 

8.19.5.3	Pre-configured measurement gap activation/deactivation delay when colliding with a concurrent measurement gap
When the pre-configured measurement gap activation procedure is overlapped with a concurrent measurement gap occasion and the pre-configured measurement gap has higher priority, the pre-configured gap activation shall be applied no earlier than the ending point of the Pre-MG activation procedure and 5ms after the end of the overlapping concurrent measurement gap. 
When the pre-configured measurement gap deactivation procedure is overlapped with a concurrentone measurement gap occasion and the pre-configured measurement gap has higher priority, or when the pre-configured measurement gap activation/deactivation procedure is overlapped with one concurrent measurement gap occasion and the concurrent measurement gap has higher priority, the requirements for finishing the pre-configured measurement gap activation/deactivation procedure specified in 8.19.2 apply.
----------------------END OF CHANGES 11----------------------------
----------------------START OF CHANGES 12----------------------------
9.1.12.2	Requirements
If the UE requires measurement gaps and/or Pre-MGs to identify and measure intra-frequency cells and/or inter-frequency cells and/or inter-RAT E-UTRAN cells, and the UE supports [ConMGs with Pre-MG] but does not support independent measurement gap patterns for different frequency ranges as specified in Table 5.1-1 in [18, 19, 20], in order for the requirements in the following clauses to apply, the network can provide the UE with not more than two per-UE measurement gap patterns for monitoring all the frequency layers. 
Two Pre-MGs with simultaneous activation/deactivation may be configured if the UE supports [2 Pre-MG configuration with simultaneous activation/deactivation].
If the UE supports both [ConMGs with Pre-MG] and independent measurement gap patterns for different frequency ranges as specified in Table 5.1-1 in [18, 19, 20], in order for the requirements defined for concurrent measurement gaps with Pre-MG to apply, the network can provide the measurement gap patterns’ combinations specified in Table 9.1.12.1 for monitoring of all frequency layers. 
Table 9.1.12-1: The number of Gap Combination Configurations by UE supporting both [ConMGs with Pre-MG] and independent measurement gap patterns 
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2 
	1
	0

	1
	1
	2 
	0

	2 
	0
	0
	2 

	3Note 1
	1 
	0
	1 

	4Note 1
	0
	1 
	1 

	5Note 1
	1 
	1 
	1 

	6
	2 
	0
	0

	7
	0
	2 
	0

	Note 1:	Gap Combination Configuration Id #3, #4, #5 are only applicable when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, UE Rx-Tx time difference measurement and PRS-RSRPP measurement defined in TS 38.215 [4].
[Note 2]:	For UE capable of [Concurrent Pre-MG], up to 2 measurement gap patterns can be configured as Pre-MG in one FR, regardless of whether they are per-UE or per-FR configuration. Otherwise, the gaps can only be configured as Gap(s) configured via GapConfig without suffix or Gap(s) configured via GapConfig-r17 without preConfigInd-r17 or ncsgInd-r17.
Note 3:	In Gap Combination Configuration Id #0, #1, #6, #7, one per-FR measurement gap in an FR can be associated to measure PRS for any RSTD, PRS-RSRP, PRS-RSRPP, RSCP, RSCPD and UE Rx-Tx time difference measurement defined in TS 38.215 [4] provided that UE supports independentGapConfigPRS-r17.



When UE supports [ConMGs with Pre-MGConcurrent Pre-MG], the gap association for a frequency layer is configured by the network via [gapAssociation] in [ToBeMeasureConfig]. In this case the gap association rules in clause 9.1.8.2 shall also apply to either measurement gap or Pre-MG. 
When autonomous mechanism [1] is used for activation/deactivation of Pre-MG pattern, the UE shall autonomously determine the Pre-MG status only based on the measurement objects associated with the concerned Pre-MG. The related Pre-MG autonomous activation/deactivation mechanism is specified in clause 9.1.7.3.1.
When network-controlled mechanism [1] is used for activation/deactivation, the requirements specified in clause 9.1.7.3.2 apply.
When UE supports [ConMGs with Pre-MGConcurrent Pre-MG], where at least one of the concurrent gaps is Pre-MG, for aeach measurement gap pattern supported by the UE is listed in Table 9.1.2-1 based on the applicability specified in table 9.1.2-3.
The requirements in clause 9.1.2 are applicable for the UE capable of [ConMGs with Pre-MGConcurrent Pre-MG] and configured with multiple concurrent measurement gap patterns within each activated Pre-MG pattern.
----------------------END OF CHANGES 12----------------------------
----------------------START OF CHANGES 13----------------------------
9.1.12.3	Collisions involving Pre-MG(s)
Collisions between a Pre-MG and a measurement gap may occur only when the Pre-MG is activated. No collisions can occur between a per-FR Pre-MG and a per-FR measurement gap when they are configured in different FRs.
Collisions between two Pre-MGs may occur only when both Pre-MGs are activated and meet the collision rule defined in clause 9.1.8.3. No collisions can occur between per-FR Pre-MGs when they are configured in different FRs.
The requirements for [concurrent measurement gaps with Pre-MG] apply provided that the two measurement gaps (at least one of the gaps is activated Pre-MG) colliding with each other are configured with different priorities.

9.1.12.4	Collision between Pre-MG activation/deactivation and measurement gap
A measurement gap occasion and a Pre-MG activation/deactivation procedure collide when the ending point of the Pre-MG activation/deactivation procedure occurs anywhere within a time period starting 4ms before the starting point of the gap occasion and ending 4ms after the ending point of the gap occasion. The ending point of the Pre-MG activation/deactivation procedure is defined in clause 8.19.5.3.
When a collision occurs between a measurement gap occasion and a Pre-MG activation procedure, and the Pre-MG is configured with higher priority, the UE shall perform measurements during the measurement gap occasion and the activation of the Pre-MG is delayed until 5ms after the ending point of the measurement gap occasion.
When a collision occurs between a measurement gap occasion and a Pre-MG deactivation procedure, and the Pre-MG is configured with higher priority, the measurement gap occasion shall be dropped. The measurement gap occasion shall remain to be dropped until the ending point of the Pre-MG deactivation procedure. 
When the activated Pre-MG and measurement gap meets the collision rule defined in clause 9.1.8.3 and the Pre-MG is configured with lower priority, the UE shall perform measurements in the occasion of the measurement gap regardless of whether colliding with the Pre-MG activation procedure or colliding with the Pre-MG deactivation procedure.
The UE is expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI in the corresponding NR serving cells in the slots of the configured Pre-MG that are dropped according to the requirements in clause 9.1.8.4.
----------------------END OF CHANGES 13----------------------------



Following proposal is made:
Adopt the changes in section 2.1 to TS 38.133 to clarify Case 1 requirements.
Remaining open issues
UE capabilities for Case 1 requirements
RAN4 #110 did get following way forward on UE capabilities for Case 1 requirements as stated in the RRM session report [5].
	
	Index
	Feature group
	Components

	32-1
	Concurrent gap with Pre-MG
	Support of multiple per-UE (or per-FR) measurement gap patterns with at least one per-UE (or per-FR) Pre-MG. Detail in Table 9.1.x-1 of TS 38.133. 

	32-2
	2 Pre-MG configuration with simultaneous activation/deactivation
	Support configurations of 2 Pre-MG with simultaneous activation/deactivation in the same FR. 

	[32-3]
	Dynamic collision
	Support the RRM requirements when the activation/deactivation delay of Pre-MG overlaps the other measurement gap or Pre-MG. 
Revised wording: (Support configuration with a pre-MG colliding with another MG or pre-MG, while the first pre-MG has higher priority.)


· Compromised WF
· Introduce 2 UE capabilities for concurrent gap with Pre-MG. FG 32-1 is introduced as the baseline feature. Down selection between the other 2.
· Option 1: 32-2
· Option 2: 32-3
· 2 for case 1, 1 for case 2, and 3 in total for MG part1. (E///, ZTE)
· 1 for case 1, 2 for case 2, and 3 in total for MG part1. (Apple)

Session Chair: Moderator to lead offline discussion with the following direction:
Define in total 3 capabilities for MG_enh part1 (including both case 1 and case 2), with the condition below. FFS Details.



Our preference in RAN4 #110 was to specify only 1 UE capability for supporting Case 1 requirements and another one for supporting Case 2 requirements to avoid different UE behaviors for both features. Based on the above compromised WF at RAN4 #110 to specify 3 capabilities in total for Case 1 and Case 2 requirements, we support to specify 2 capabilities for Case 1 requirements and 1 capability for Case 2 requirements. 
Following proposal is made:
Specify 2 UE capabilities for Case 1 requirements and 1 UE capability for Case 2 requirements.
In particular, dynamic collisions can be regarded as “native events” when a concurrent gap and a Pre-MG are configured, so no extra UE capability is needed which would result in undesirable different UE behaviors, one set of UEs supporting them, the other not. Thus, we propose to remove capability FG 32-3 and define a UE capability only for FG 32-2 for simultaneous activation/deactivation of two Pre-MGs.
Following proposal is made:
Define UE capability for FG 32-2 and remove UE capability for FG 32-3. 
Pre-MG association 
RAN4 #110 did not get further progress on the issue whether the Pre-MG association needs to be defined [2].
	Issue 2-2-1: [Case 1] Pre-MG association clarification
< Way forward >
· Option 1: 
· When NW configures a Pre-MG1 and a Pre-MG2/Type-2 MG in ConMGs, the MO associated with Pre-MG1 will be measured within activated Pre-MG2/Type-2 MG if Pre-MG1 is deactivated and the MO is fully overlapping with activated Pre-MG2/Type-2 MG.
· Option 1a: 
· FFS: whether it need to be captured in spec
· Option 2: 
· No need to introduce implicit association for concurrent gaps with Pre-MG.
· Option 2a: 
· The case that Pre-MG1 is deactivated whereas the associated MO still has to be performed with MG is corner case.



We agree with option 2a, that the scenario is more a corner case, since full overlap of concurrent gap and Pre-MG or of 2 Pre-MGs may not be a typical deployment configuration. 
Applying option 1, there is a clear impact to UE measurement behavior. Assume concurrent gap is used for Inter-RAT measurements and Pre-MG 1 is used for intra-frequency measurements. Then there is a significant impact on measurement availability for Inter-RAT measurements, if intra-frequency measurements are added to the MO’s to be measured within gap, and thus there is an impact to CSSF within gap. To avoid this impact, full overlap should not be used. Thus, we propose to add a note to the specification stating that no requirements are specified for the case of full overlap of Pre-MG and concurrent gap or Pre-MG and another Pre-MG. The network should configure either no overlap or partial overlap to allow UE to measure MO’s, assigned to Pre-MG 1 being deactivated, outside MG.  
Following proposals are made:
There is no need to introduce implicit association for concurrent gaps with Pre-MG. 
No requirements are specified for the case of full overlap of Pre-MG and concurrent gap or Pre-MG and another Pre-MG. Add a corresponding note to TS 38.133 in clause 9.1.12.2, that the network should configure either no overlap or partial overlap to allow UE to measure MO’s, assigned to a Pre-MG being deactivated, outside MG.
Pre-MG association collisions related issue 
RAN4 #110 did not get further progress on the issue whether to optimize collision handling for concurrent gaps [2]. 
	Issue 2-2-2: [Case 1] Pre-MG association collisions related issue
< Way forward >
· Option 1: 
· The measurement dropping rules when the concurrent measurement gaps are collided can be optimized, e.g.
· Option 1). Only there is overlapping among the [SSBs+Xms] to be measured by these collided concurrent gaps, UE needs to drop the measurement with the lower priority gap. Otherwise, UE can perform these measurements sequentially because UE can return to each of carriers one by one.
· Option 2: 
· There is no need to continue discussion on optimizations of the collision handling for concurrent gaps in Rel-18.



In our view, such optimizations in the core part will lead to increased complexity of the core requirements for NR_MG_enh2 and hence will delay the performance requirements work. Thus, this issue should not be further discussed for Rel-18.
There is no need to continue discussion on optimizations of the collision handling for concurrent gaps in Rel-18. 
Conclusion
This paper has presented Nokia’s views on Case 1 requirements as discussed at RAN4 #110 [2], i.e. the combination of pre-configured MG and concurrent MG. 
Resulting from this discussion, we make following proposals:
1. Adopt the changes in section 2.1 to TS 38.133 to clarify Case 1 requirements.
1. Specify 2 UE capabilities for Case 1 requirements and 1 UE capability for Case 2 requirements.
1. Define UE capability for FG 32-2 and remove UE capability for FG 32-3. 
There is no need to introduce implicit association for concurrent gaps with Pre-MG. 
No requirements are specified for the case of full overlap of Pre-MG and concurrent gap or Pre-MG and another Pre-MG. Add a corresponding note to TS 38.133 in clause 9.1.12.2, that the network should configure either no overlap or partial overlap to allow UE to measure MO’s, assigned to a Pre-MG being deactivated, outside MG.
There is no need to continue discussion on optimizations of the collision handling for concurrent gaps in Rel-18. 
The companion Draft CR is submitted in [6].
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